ABSTRACT The ability of NN-diphenylurea (Ph2urea) to substitute for cytokinin-active adenine derivatives in promoting callus growth of Phaseolus lunatus has been examined. In general, Ph2urea stimulated callus growth at high concentrations, although the growth of most callus tissues was irregular.
sponse to Phsurea was found among different genotypes of P.
lunatus. Most importantly, tissues cultured on .Ph2urea-containing medium for one passage had acquired the ability to proliferate in subsequent passages in the absence of either Ph2urea or cytokinin-active adenine derivatives. Corresponding tissues maintained on kinetin-containing medium remained cytokinin-dependent. It appears that the effect of Ph2urea in promoting the growth of P. lunatus callus tissue resides in its ability to induce cytokinin autonomy. This result suggests that the cytokinin activity of Ph2urea may be due to promotion of endogenous cytokinin biosynthesis in the bioassay systems in which it is active.
The ability of N,N'-diphenylurea (Ph2urea) to stimulate cell division in carrot tissue cultures was reported by Shantz and Steward (1) in 1955. Ph2urea and a number of related compounds have subsequently been shown to exhibit activity similar to that of N6-substituted adenine derivatives in various cytokinin bioassay systems. Ph2urea exhibits cytokinin activity in the tobacco callus bioassay (2) (3) (4) (5) as well as in cytokinin bioassays based on chlorophyll retention, bud development, and seed germination (6) . The activity of Ph2urea was, however, weak and variable in some of these tests (2, 4, 5) .
The similarity in the biological activity of two such structurally unrelated classes of compounds (N6-substituted adenine derivatives and substituted ureas) has posed one of the more interesting problems in cytokinin structure-activity relationships. The ability of benzylurea derivatives to antagonize the effects of both types of compounds led Kefford et al. (7) to argue that there must be a common site of action. Miller (8) suggested that Ph2urea might serve as a precursor for the N6-side chain of cytokinin-active adenine derivatives. In support of this hypothesis, certain synthetic ureidopurines are known to possess cytokinin activity (9) , and the activity of Ph2urea in promoting the growth of callus tissues has been reported to be correlated with the ability of the tissues to metabolize Ph2urea (10) . However, the only Ph2urea metabolite to be isolated and identified from plant tissues has been a simple glucosyl derivative (1 1).
We have examined the effect of Ph2urea on the growth of cytokinin-dependent tissue cultures of Phaseolus lunatus. The results reported here indicate that the activity of Ph2urea in promoting the growth of P. lunatus callus tissue is associated with an induction of cytokinin autonomy (i.e., transformation to cytokinin independence as evidenced by the ability of the tissue to grow on cytokinin-free medium). The possible significance of this result in interpreting the mechanism of action of Ph2urea is discussed.
MATERIALS AND METHODS
Chemicals. Ph2urea and kinetin (N6-furfurylaminopurine) were obtained from Sigma. Picloram (4-amino-3,5,6-trichloropicolinic acid) was a gift from Dow Chemical.
Plant Materials. Seeds of P. lunatus L. cv. Kingston were locally obtained. Seeds of plant introduction lines (P.I. lines) of P. lunatus were provided by the Regional Plant Introduction Station, Washington State University (Pullman, WA).
Tissue Culture Medium. The tissue culture medium consisted of the mineral nutrients as described by Murashige and Skoog (12) The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 irregular, the stimulation of callus growth by Ph2urea was repeatably observed in tissues derived from different seeds of this cultivar. It should be noted that the four replicate flasks shown in Fig. 1 represent callus tissue derived from four different seeds. Comparable results were obtained in repeated tests with newly established cultures.
The variability in the growth of P. lunatus cv. Kingston callus tissue on Ph2urea-containing medium contrasted with the uniform and rapid growth of this genotype on medium containing kinetin (or other cytokinin-active adenine derivatives) and differed from the uniform response of tobacco (Wisconsin 38) callus tissue to Ph2urea (unpublished results). These observations suggested that the activity of Ph2urea in promoting the growth of P. lunatus callus tissue might be associated with an induction of cytokinin autonomy (i.e., a promotion of endogenous cytokinin biosynthesis in the callus tissue). To test this hypothesis, Kingston callus cultures grown on Ph2urea-containing medium and control cultures maintained on 5 ,uM kinetin were transferred to cytokinin-free medium. The results of this test are shown in Fig. 2 . Callus tissue previously cultured on Ph2urea-containing medium had acquired the capacity for continued growth in the absence of cytokinin, whereas callus tissue maintained on kinetin-containing medium did not exhibit any growth on the cytokinin-free medium. After one passage on Ph2urea-containing medium, callus growth was somewhat irregular on cytokinin-free medium, but after two or three passages on medium containing 32 or 100 ,uM Ph2urea, cultures grew vigorously and uniformly in the absence of cytokinin.
Some of these callus tissues have been maintained on cytokinin-free medium for over a year (over 12 transfers) with no loss of vigor.
A number of P. lunatus genotypes have now been tested for their ability to respond to Ph2urea in tissue culture. The results of these tests will be reported in detail in a subsequent publication. In general, most of the genotypes examined responded to Ph2urea in a manner similar to P. lunatus cv. Kingston and exhibited cytokinin-autonomous growth after one or more passages on Ph2urea-containing medium. The most vigorous growth on Ph2urea-containing medium was observed with callus tissues derived from P. lunatus P.I. 257422. The presence of genetic variation in this P.1. line was evidenced by differences in seed coat color (red vs. white seeds), and callus tissues derived from different seeds exhibited considerable variation in their response to Ph2urea. To select and preserve genotypes of interest, further tests of this P.I. line were carried out with callus tissues derived from the petioles of mature plants. The plained by assuming that this compound in some way activates or promotes the normal pathways of cytokinin biosynthesis in P. lunatus. Presumably, these pathways result in the formation of cytokinin-active adenine derivatives bearing N6-isoprenoid side chains. Because the response of P. lunatus callus tissue to Ph2urea is rather irregular (at least in some genotypes), only some of the cells in the callus tissue would appear to be capable of responding to Ph2urea in this manner. Thus, the ability to respond to Ph2urea may be a property of certain cell lines in the callus tissue (16) or to treatments with morphactins or chemically related compounds (aminofluorenes) (17, 18 
